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PHASE-LOCKED LOOP FREQUENCY SYNTHESIZER WITH TWO-POINT MODULATION 



BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to electronics and, in particular, to phase-locked loops. 

Cross-Reference to Related Applications 

This applications claims priority from U.S. Provisional Patent Application No. 60/317,025 filed 
September 4, 2001, and entitled "Bluetooth RF Transceiver." 

Description of the Related Art 

A frequency synthesizer is an apparatus that generates an output signal having a frequency that is a 

multiple of an input reference frequency. A common type of frequency synthesizer uses a phase-locked loop 
y (PLL) to generate a periodic output signal that has a constant phase relationship with respect to a periodic 
iMl input signal. 

^ Fig. 1 shows a schematic block diagram of a PLL 100 of the prior art. PLL 100 includes a phase 

yl detector 102, a loop filter 104, a voltage-controlled oscillator (VCO) 106, and a feedback path having a 
'"^ frequency divider 108. A periodic reference signal 110 of frequency Fref is fed to phase detector 102 together 
with feedback signal 112 (the output of jBrequency divider 108). The output of phase detector 102 is a pulse 
that is related to the phase difference between reference signal 110 and feedback signal 112. The output of 
D phase detector 102 is filtered through loop filter 104 and fed to VCO 106. Due to the feedback in the PLL, 
the frequency Pout of output signal 114 of VCO 106 is driven to equal the reference frequency Fref multiplied 
by the division factor N of frequency divider 108 according to Equation (1) as follows: 

Fout = NF,ef (1) 

25 Phase detector 102 of PLL 100 is a circuit that typically generates high levels of transient noise at F^f, its 
frequency of operation. This noise is superimposed on the output voltage of the phase detector and can 
modulate the VCO frequency output accordingly. To prevent this, loop filter 104 should have an 
appropriately narrow bandwidth. 

In a typical implementation of PLL 100, the frequency divider divides the frequency of the VCO 

30 output signal 114 by a selected integer in order to generate the frequency-divided feedback signal that is 

supplied to the phase detector. The difference in phase between frequency-divided feedback signal 112 and 
reference signal 110 is output from the phase detector and applied to the loop filter and the VCO in a manner 
that causes output signal 114 to change in frequency such that the phase error between the frequency-divided 
feedback signal and the reference signal is minimized. With an integer division factor, the output frequency 
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step size (also referred to as the RF channel spacing) is constrained to be equal to the reference signal 
frequency. 

A common technique used to synthesize output signals having a frequency that is a rational (i.e., non- 
integer) multiple of the reference frequency is referred to as fractional-N PLL frequency synthesis. To 
5 implement this technique, programmable frequency dividers capable of effectively dividing by non-integers 
have been developed. This function is accompUshed by adding internal circuitry that enables the division 
factor to change dynamically. For example, if the division factor is switched between N and N+1 in a given 
proportion, an average division factor can be realized that is N + K/M, where N, K, and M are integers and K 
< M. Using this technique, a channel spacing equal to a fraction of the reference frequency, e.g., Fref/M, can 
10 be obtained. 

A problem common to many of the known PLL circuits, both integer and fractional-N, is that they do 
not lend themselves to a relatively simple and practicable way of generating an output signal, such as signal 
^ „ 114 of PLL 100, that is modulated with data. The primary problem revolves around the fact that the PLL 
D tends to process the modulation as error that it tries to correct, resulting in distortion of the desired 
lyj modulation. A long patent history testifies to the work that has been invested in attempting to effectively 
IS solve this problem, the net result of which work has been only a partial success. 

ifl For example, U.S. Pat. No. 6,01 1,815 (Eriksson et al.), the teachings of which are incorporated herein 

^ by reference, teaches a phase modulation technique based on using a SA modulator (also often referred to as 
I-;; sigma-delta, delta-sigma, or AL modulator) to control the division factor of a fractional-N PLL. One problem 
with this PLL architecture is attenuation of data due to the narrow PLL bandwidth. However, increasing the 
O bandwidth is not desirable due to the higher levels of phase detector and EA modulator quantization noise that 
il would pass through the loop filter and interfere with data transmission. 

SUMMARY OF THE INVENTION 

25 The present invention provides a phase-locked loop (PLL) frequency synthesizer having a two-point 

data modulation scheme and ZA modulator, fractional-N architecture. In the synthesizer, data are modulated 
at both the PLL frequency divider and the voltage-controlled oscillator (VCO). The complementary 
frequency responses at these two modulation points allow the PLL bandwidth to be sufficiently narrow to 
attenuate phase noise from the phase detector, frequency divider, and EA quantization error, without 

30 adversely affecting the data. Fractional-N architecture allows a large range of reference frequencies to be 
used with the PLL and high frequency resolution of the output signal. The EA modulator modulates the 
feedback signal generated by the PLL frequency divider with data and quantizes the spurious signals inherent 
in a fractional-N design to high frequencies that the PLL loop filter can attenuate. 

According to one embodiment, the present invention is a frequency synthesizer for generating a data- 

35 modulated output signal based on a reference signal and an input data signal, the frequency synthesizer 
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comprising: (a) a phase-locked loop (PLL) circuit configured to receive the reference signal and generate the 
data-modulated output signal; (b) a first data-modulation path configured to (i) generate a first data- 
modulated input signal based on the input data signal and (ii) apply the first data-modulated input signal at a 
voltage-controlled oscillator (VCO) of the PLL circuit; and (c) a second data-modulation path configured to 
(i) generate a second data-modulated input signal based on the input data signal and (ii) apply the second 
data-modulated input signal at a frequency divider of the PLL circuit 

BRIEF DESCRIPTION OF THE DRAWINGS 
Other aspects, features, and advantages of the present invention will become more fully apparent 
fi-om the following detailed description, the appended claims, and the accompanying drawings in which: 
Fig. 1 is a schematic block diagram of a PLL of the prior art; 

Fig. 2 shows a schematic block diagram of a PLL frequency synthesizer according to one 
embodiment of the present invention; 

Figs. 3 A-C show a schematic block diagram of a Gaussian low-pass filter that may be used in the 
synthesizer of Fig. 2 and its look-up tables for two representative baseband frequencies of 12 and 13 MHz 
according to one embodiment of the present invention; 

Figs. 4A-B show schematic block diagrams for two implementations of a digital-to-analog converter 
that may be used in the synthesizer of Fig. 2; 

Fig. 5 shows a schematic block diagram of a tank circuit of one implementation of the VCO that may 
be used in the synthesizer of Fig. 2; 

Figs. 6A-B illustrate the operation of a scaling block that may be used in the synthesizer of Fig. 2 and 
its representative look-up table of scale values according to one embodiment of the present invention; 

Figs. 7A-C illustrate the operation of a carrier selection block that may be used in the synthesizer of 
Fig. 2, a method for the carrier value calculation, and a representative look-up table for the method according 
to one embodiment of the present invention; 

Fig. 8 shows a schematic block diagram of a SA modulator that may be used in the synthesizer of Fig. 
2 according to one embodiment of the present invention; and 

Fig. 9 shows a schematic block diagram of a frequency divider that may be used in the synthesizer of 
Fig. 2 according to one embodiment of the present invention. 

DETAILED DESCRIPTION 
Reference herein to "one embodiment" or "an embodiment" means that a particular feature, structure, 
or characteristic described in connection with the embodiment can be included in at least one embodiment of 
the invention. The appearances of the phrase "in one embodiment" in various places in the specification are 
not necessarily all referring to the same embodiment, nor are separate or alternative embodiments mutually 
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exclusive of other embodiments. Although the invention is particularly suitable for a portable 
communication device, such as a Bluetooth RF transceiver, those skilled in the art can appreciate that the 
invention can be equally applied to other devices. 

Fig. 2 shows a schematic block diagram of a PLL frequency synthesizer 200 according to one 
5 embodiment of the present invention. Synthesizer 200 comprises a phase detector 202, a loop filter 204, a 
VCO 206, and a feedback path having a frequency divider 208. These elements of synthesizer 200 form a 
PLL. A periodic reference signal 210 of frequency Fref is fed to phase detector 202 together with a feedback 
signal 212 (the output of frequency divider 208). The output of phase detector 202 is filtered through loop 
filter 204 to produce signal 216. Signal 216 is then fed to VCO 206, the output of which (an output signal 
10 214) is fed back to frequency divider 208. The division factor of frequency divider 208 is controlled by a 
control signal 218. Synthesizer 200 is preferably implemented to support a multitude of reference 
frequencies. In one embodiment, these reference frequencies are about 12.00, 12,60, 12.80, 13.00, 14.40, 
jf 15.36, 16.80, 19.20, 19.44, 19.68, 19.80, and 26.00 MHz. Loop filter 204 is preferably implemented as a 
Q passive, two-pole filter with a closed-loop bandwidth approximately in the 30-kHz range. 

Iffi Synthesizer 200 comprises additional circuitry for generating output signal 214 that is modulated 

w 

m based on a data signal 220. This circuitry includes a Gaussian low-pass filter 222, a scaling block 224, a 
"ij carrier selection block 226, a lA modulator 228, and a digital-to-analog converter (DAC) 230, possible 
s implementations of each of which will be described below. In a preferred embodiment, synthesizer 200 
L I implements a two-point modulation scheme that applies modulation at the input to ZA modulator 228 and at 
2ftf VCO 206 via an input signal 232. Blocks 224 and 226 and modulator 228 form the SA data modulation path. 
Q DAC 230 forms the VCO data modulation path. 

Prior to being modulated by the PLL via either path, data 220 are passed through filter 222 to produce 
signal 234, Signal 234 is fed to both DAC 230 and block 224. Signal 234 is scaled in block 224, carrier 
frequency-injected in block 226, and then processed in EA modulator 228 to produce signal 218. Signal 218 
25 is used in divider 208 to control its division factor N. The output of DAC 230 (signal 232) is summed in 

VCO 206 with the output of loop filter 204 (signal 216) and the sum is used in VCO 206 for generating data- 
modulated output signal 214. 

Fig. 3 A shows a schematic block diagram of one implementation of Gaussian low-pass filter 222 of 
synthesizer 200. In one embodiment, filter 222 is implemented using a ROM look-up logic and comprises a 
30 20-bit shift register (SR) 302 and a decoding logic block 304. The data fed into filter 222 (signal 220 in Fig. 
2) are oversampled using an external baseband clock signal 236 (in Fig. 2). In a preferred embodiment, 
baseband clock signal 236 for filter 222 and reference signal 210 for phase detector 202 are both supplied by 
the same source. Register 302 stores a portion of the oversampled 1-bit data stream. Every clock cycle, 
decoding logic block 304 transforms the 20 bits of data stored in register 302 into a 6-bit output (signal 234 in 
35 Fig. 2) using a look-up table. Signal 234 serves as an input to both DAC 230 and scaling block 224. In one 
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embodiment, filter 222 implements 12x-oversampling and signal 236 is 12.00 MHz in frequency. In another 
embodiment, filter 222 implements 13x-oversampling and signal 236 is 13,00 MHz in frequency. 
Representative look-up tables for these two embodiments are shown in Figs. 3B and 3C, respectively. The 54 
different SR values listed in Fig. 3B represent the 54 different possible bit patterns when 1-bit data are shifted 
5 through a 20-bit register with 12x-oversampling. The same is true for the 52 different SR values listed in Fig. 
3C for 13x-oversampling. In these illustrative embodiments, filter 222 has a comer frequency (defined as the 
frequency at which the filter's transfer function is -3 dB) of approximately 500 kHz. Emplojdng different 
oversampling rates, baseband fi-equencies, and/or look-up tables will result in different comer frequencies for 
filter 208. 

10 Fig. 4A shows a schematic block diagram of one implementation of DAC 230 of synthesizer 200. 

DAC 230 comprises a 6-bit DAC 402 and a 4-bit DAC 404. Adjustment of the gain of DAC 230 is achieved 
by using a multiplying DAC configuration for DAC 402. Filtered data from filter 222 (signal 234 in Fig. 2) 
are applied to one input of DAC 402. The adjustable output of DAC 404 applied at another input of DAC 
5! 402 serves as the reference voltage for DAC 402. The output of DAC 404 can be adjusted using a variable 

1^ trim value applied to DAC 404. This offers the ability to adjust the gain of DAC 230 and, therefore, the VCO 

data modulation path of synthesizer 200 by changing the trim value. 
Ul Fig. 4B shows a schematic block diagram of another implementation of DAC 230 of synthesizer 200 

7" to provide adjustable gain in the VCO data modulation path. Instead of using the multiplying DAC 

configuration of Fig. 4A, a digital multiplier 408 is incorporated into DAC 230 prior to a 6-bit DAC 406. 

Ml The gain of multiplier 408 is tuned, e.g., manually, to achieve the desired gain for DAC 230 and, therefore, 
p the VCO data modulation path. 

Fig. 5 shows a schematic block diagram of a tank circuit 500 of one implementation of VCO 206 of 
synthesizer 200. Tank circuit 500 comprises four parallel circuit paths: one path comprising an inductor LI 
and two or more gain paths, each comprising a capacitor in series with a varactor. A first high-gain path 

25 comprises capacitor CI in series with varactor VI, where signal 216 from loop filter 204 of Fig. 2 is applied 
between capacitor CI and varactor VI. A low-gain path comprises capacitor C2 in series with varactor V2, 
where signal 232 from DAC 230 of Fig. 2 is applied between capacitor C2 and varactor V2. An optional 
high-gain path comprises capacitor C3 in series with varactor V3, where a third modulation signal 502 is 
applied between capacitor C3 and varactor V3. 

30 Fig. 6 A shows a schematic block diagram of one implementation of scaling block 224 of synthesizer 

200. Scaling block 224 scales the frequency deviation due to data modulation fed to the PLL through 
frequency divider 208 to be in a preferred frequency range. Block 224 receives a 6-bit input from filter 222 
(signal 234 in Fig. 2) and multiplies it by a 5-bit scale value chosen from a look-up table of scale values to 
obtain an 1 1-bit product. The six most significant bits (MSB) of the product are output from block 224 to 

35 carrier selection block 226. Different 5-bit scale values are preferably applied for different reference 
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frequencies to keep the frequency deviation within the preferred frequency range. Fig. 6B shows a table of 
ten 5-bit scale values S0-S9 according to one embodiment, wherein the frequency deviation is approximately 
15 to 16 kHz. 

Fig. 7 A shows a schematic block diagram of one implementation of carrier selection block 226 of 
5 synthesizer 200. Carrier selection block 226 serves to select an output RF channel of synthesizer 200, within 
which data-modulated output signal 214 is transmitted. To select a data-modulated frequency within the 
channel, the carrier value corresponding to the channel frequency is added to the output of scaling block 224. 
The sum is output from block 226 to SA modulator 228. 

Fig. 7B illustrates a method 700 for the carrier value calculation, which carrier value is used in block 
10 226, according to one embodiment of the present invention. According to method 700, the carrier value is a 
19-bit binary number in 8. 11 format corresponding to a synthesizer output channel frequency in the range 
between 2400 and 2500 MHz. This 19-bit number is calculated as follows. The selected output channel is 
H specified in the 7-bit Hop field as a frequency offset from 2400 MHz. In step 702 of method 700, the number 
^ in the Hop field is added to 2400 to obtain a 12-bit channel frequency. In step 704, the 12-bit channel 
1^1 frequency is multiplied by a 1 9-bit value from a look-up table for carrier calculation (LUTCC) to obtain a 3 1 - 
Tz bit product. In step 706, the MSB and the 1 1 least significant bits (LSB) of the product are dropped to obtain 
O the 19-bit carrier vahie. 

Fig. 7C shows an LUTCC that may be used in method 700 according to one embodiment of the 
ry present invention. The LUTCC value used in step 704 of method 700 depends on the employed reference 
2Bi frequency and represents the period of the reference signal. For reference frequencies between 12.00 and 
D 26.00 MHz, the three MSBs of the LUTCC values are all zero. Therefore, these bits need not be stored in the 
LUTCC. Both decimal and hexadecimal representations of the 19-bit LUTCC values are given in Fig. 7C. 
For channel frequencies between 2400 and 2500 MHz and the LUTCC values of Fig. 7C, the MSB of the 31- 
bit product obtained in step 704 of method 700 is always zero and, therefore, may be dropped in step 706, To 
25 obtain higher precision of the carrier value, the precision of the LUTCC values used in method 700 can be 
increased, for example, to 23 bits. 

Fig. 8 shows a schematic block diagram of one implementation of SA modulator 228 of synthesizer 
200. Modulator 228 comprises an adder 802 and a noise-shaping loop 804. A 19-bit output value from block 
226 of Fig. 2 is summed with a 15-bit output value of loop 804 in adder 802. In a preferred embodiment, the 
30 ranges of the values generated by block 226 and loop 804 are such that the sum does not overflow to the 20th 
bit. A 19-bit output value of adder 802 is split into 8 MSBs and 1 1 LSBs. The 8 MSBs are output from 
modulator 228 to divider 208 of Fig. 2. The 1 1 LSBs are fed back to loop 804. Loop 804 comprises a series 
of delay elements (1/Z) 806 and adders (+) 808, and a multiply-by-two element (X2) 810. In one 
embodiment of the present invention, delay elements 806 are implemented as latches clocked by the reference 
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frequency and multiply-by-two element 810 is implemented as a shift register, which appends an extra LSB 
to the input value (i.e., implements a logical shift left). 

EA modulator 228 has three main functions: (1) it sets the fractional-N value for frequency divider 
208 to achieve the desired PLL output frequency, (2) it modulates feedback signal 212 with data, and (3) it 
5 quantizes spurious signals to high frequencies that loop filter 204 can attenuate. In the implementation shown 
in Fig. 8, modulator 228 may be thought of as a quantizer with quantization error fed back into the quantizer 
via noise-shaping loop 804. Modulator 228 is a third-order modulator implementing a single truncation 
operation. It has advantages over ZA modulators of the prior art, e.g., MASH structures implementing 
multiple truncation operations. (A typical MASH structure utilizes a series of one-bit oversampling data 
10 converters, each of which performs a partial noise-shaped conversion and then passes the conversion error 
onto the next stage. The individual outputs of the data converters are combined to form a composite output 
of the structure.) In particular, the single truncation performed by modulator 228 produces less quantization 
. error than do the multiple truncations of the prior art MASH modulators. Also, no integrators are present in 
O modulator 228, which effectively eliminates problems of accumulator saturation or overflow common for the 

prior art MASH modulators. 
IB Fig. 9 shows a schematic block diagram of one implementation of frequency divider 208 of 

LH synthesizer 200. Divider 208 comprises a latch 902 and a series of seven divide blocks DBO-6. Block DBO 
^ receives analog VCO output signal 214 and generates a digital frequency-divided signal Each subsequent 
y, block DBl-6 receives a digital frequency-divided signal from the preceding block DB and generates a next 

digital frequency-divided signal. In one embodiment, each divide block DB is configured to perform 
r| frequency division by two or three depending on the state of its control inputs. To generate a digital control 
'rf signal, the instant output signal of each divide block DB is compared to a threshold value. If the output 

signal is above the threshold value, the corresponding control signal is set to one. If the output signal is less 
then the threshold value, the corresponding control signal is set to zero. If all control inputs to block DB are 
25 set to one, division by three is performed by skipping one input pulse. If one control input to block DB is set 
to zero, division by two is performed. The digital frequency-divided signal generated by each block DBl-6 is 
used as a control signal in each of the preceding blocks DB. For example, the digital frequency-divided 
signal generated by block DBS is used as a control signal in blocks DBO-4, the digital frequency-divided 
signal generated by block DB4 is used as a control signal in blocks DBO-3, etc. 
30 In addition to digital frequency-divided signals from blocks DBl-6, the 8-bit output of modulator 228 

(signal 218 in Fig. 2) is also used to generate control signals for blocks DBO-6. Prior to being input to divide 
blocks DBO-6, the 8-bits (D0-D7) of signal 218 are latched onto latch 902. Then, each divide block DBO-6 
uses the corresponding bit (D0-D6) on latch 902 as its control input. 

When the MSB in the output of modulator 228 is set to logic 0 (D7 = 0), the last divide block DB6 in 
35 the series is bypassed and output signal 212 is generated using six divide blocks DBO-5. When D7 = 1, all 
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seven divide blocks DBO-6 are used. In the described embodiment of divider 208, a division factor range of 
64 to 255 is realized. When D7 = 1, the accessible range of division factors for divider 208 is from 128 to 
255- When D7 = 0, the range of division factors for divider 208 becomes 64 to 127. Different ranges of 
division factors for divider 208 may be realized in a similar fashion by using a different number of divide 
5 blocks DB and/or by configuring blocks DB for division by integers other than 2 or 3. 

Data applied to the PLL via the lA data modulation path are subjected to an effective low-pass 
frequency response set by the comer frequency of loop filter 204. Data applied to the PLL via the VCO data 
modulation path are subjected to an effective high-pass frequency response, again set by the comer frequency 
of loop filter 204. The corresponding PLL transfer fiinctions for these two data modulation paths, Gn for the 
1 0 ZA data modulation path and Gvco for the VCO data modulation path, are given by Equations (2) and (3) as 
follows: 

_^p££^H^i^ (2) 



m 

m 



sNK^K 



Gvco= — (3) 



m where Kpd is the phase detector gain; Kvco is the VCO gain when input 216 (in Fig. 2) is used; K^od is the gain 
for the VCO data modulation path (i.e., the combined gain of DAC 230 and the VCO when input 232 (in Fig. 
5 2) is used); AT is a tuning coefficient depending on all three gains; and Hlf is the loop filter closed-loop 
^ transfer function. When K^od K^l, the frequency response of synthesizer 200 for transmission of data 
fU determined by the sum of Equations (2) and (3) is essentially constant up to approximately the comer 
pi frequency of PLL loop filter 204. Setting the value of K^od K to 1 can be implemented, e.g., by adjusting the 
26= trim value applied to DAC 404 of DAC 230 as previously described in the context of Fig. 4A. The resulting 
complementary transfer fiinctions for the two data modulation paths allow the PLL bandwidth to be 
sufficiently narrow to attenuate phase noise without adversely affecting transmission of data. 

Alternative Embodiments 

25 Embodiments of the present invention, as described above, provide a PLL-based frequency 

synthesizer having two modulation points: (1) at the feedback frequency divider (e.g., divider 208 of Fig. 2) 
and (2) at the VCO (e.g., VCO 206 of Fig. 2). Other configurations of frequency synthesizers employing 
PLLs may have a reference frequency divider placed at the reference frequency input of the phase detector 
(e.g., input 210 of phase detector 202 in Fig B) in addition to the feedback frequency divider. In such 

30 configurations, a modulation point could be implemented at the reference frequency divider instead of or in 
addition to the modulation point at the feedback frequency divider. Consequentiy, a similar EA data 
modulation path could be implemented to generate the control signal for the reference frequency divider. An 
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embodiment with data modulation at both the feedback frequency divider and the reference frequency 
divider, in addition to the modulation at the VCO, would then have three modulation points, with two 
different ZA modulators being used to generate control signals for the two frequency dividers. 

Both the feedback frequency divider and the optional reference frequency divider may be 
5 implemented as described in the context of Fig. 9. Alternatively, different implementations of frequency 
dividers may be used, such as, for example, one described in U.S. Patent No. 6,008,703 by Perrott, et al., 
without departing from the principles of data modulation described in this specification. 

Gaussian low-pass filter 222 of synthesizer 200 of Fig, 2 serves the purpose of implementing a 
Gaussian Frequency Shift Keying (GFSK) modulation method, e.g., for Bluetooth frequency synthesizers. 
10 Other modulation methods, e.g., Quadrature Phase Shift Keying (QPSK), Quadrature Amplitude Modulation 
(QAM), or Time Shift Keying (TSK), may be implemented for other types of frequency synthesizers. 
Consequently, an alternative type of low-pass filter corresponding to the modulation method employed in a 
particular embodiment (or even no low-pass filter) may be used in place of filter 222 without departing from 
D the principles of data modulation described in this specification. 

iSj Scaling block 224 and carrier selection block 226 of synthesizer 200 of Fig. 2 are included in a 

^ preferred embodiment, which is designed to operate using multiple different reference frequencies, e.g., those 
Ijl listed in the tables of Figs. 6B and 7C. Frequency synthesizers intended to operate with only a single 
^ reference frequency may be implemented without scaling block 224 and/or carrier selection block 226. 
M= In one embodiment of the present invention, the VCO (e.g., VCO 206 of Fig. 2) could be a digital 

VCO. In that case, a DAC (e.g., DAC 230 of Fig. 2) would not be necessary to convert digital signals (e.g., 
O signal 234 of Fig. 2) into the analog domain. 

r!' Although the present invention has been described in the context of specific implementations for 

various components, those skilled in the art will understand that other implementations may be used for other 

embodiments of the present invention. For example, sigma-delta modulator 228 of Fig. 2 may be 
25 implemented using configurations different from that shown in Fig. 8, such as those based on MASH 
architecture. 

In general, different embodiments or implementations of the present invention may yield one or more 
of the following advantages. One advantage of the invention is that a combination of SA modulation at a 
frequency divider and narrow bandwidth loop filter reduces phase noise at the VCO. Another advantage is 
30 that the two-point modulation scheme allows data to be transmitted without unlocking the PLL and without 
significant distortion of the data. 

In general, embodiments of the present invention may be implemented for PLL frequency 
synthesizers operating in various frequency ranges. Also, an integer-N PLL frequency divider, instead of a 
fractional-N PLL frequency divider, may be used in some embodiments of the present invention. Similarly, 
35 different binary widths for data, scaling and carrier values, and/or ZA fractionality may be implemented. 
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While this invention has been described with reference to illustrative embodiments, this description 
not intended to be construed in a limiting sense. Various modifications of the described embodiments, as 
well as other embodiments of the invention, which are apparent to persons skilled in the art to which the 
invention pertains are deemed to lie within the principle and scope of the invention as expressed in the 
following claims. 



Hansen 1-1 



10 



992.0363 



